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We present a new supersymmetric AdS6 solution of type IIB supergravity with SU(2) isometry.
Through the AdS/CFT correspondence, this has potentially very interesting implications for 5d
fixed point theories. This solution is the result of a non-Abelian T-duality on the known super-
symmetric AdS6 solution of massive IIA. The SU(2) R-symmetry is untouched, leading to sixteen
supercharges and preserved supersymmetry.
INTRODUCTION
Gauge theories in five dimensions (5d) are, at least
naively, non-renormalizable and therefore uninteresting
as microscopic theories. However, on the contrary, de-
spite this gloomy conclusion 5d gauge theories lead to
very interesting phenomena. In particular, quite remark-
ably, it is possible to find 5d gauge theories as consistent
theories per se [1–3]. These 5d fixed point theories are
intrinsically strongly coupled and can exhibit very exotic
phenomena such as exceptional global symmetry groups
arising from non-perturbative effects. These theories not
only play a very important role in understanding crucial
aspects of string theory –e.g. [4]–, but also in helping
us understand the landscape of quantum field theories in
general.
Being intrinsically strongly coupled, 5d fixed point the-
ories are hard to study through more traditional meth-
ods. On the other hand, in view of the success of the
AdSd+1/CFTd duality in unravelling mysteries about 3d
and 4d superconformal field theories it is natural to ap-
ply the latest holographic methods to the 5d case. In
fact, this case has been largely overlooked to date, even
though very recently there has been a steady stream of
recent developments along these lines [5–8]. In partic-
ular, through the AdS6/CFT5 duality, we might search
for new CFT5 by scanning over the possible AdS6 vacua
in supergravity. Remarkably, up to now only one super-
symmetric AdS6 solution [9] was known; the existence
of which was anticipated by [10], and orbifolds therereof
[5]. Indeed, it has also recently been confirmed that this
supersymmetric solution (and its orbifolds) is unique in
massive type-IIA [11]. Following this philosophy, in this
note we exhibit a new AdS6 solution in type-IIB. Even
though a full understanding of its features is still lacking,
through the holographic correspondence it is natural to
expect this new solution to be very relevant for defining
a new class of 5d fixed point theories.
Our new AdS6 solution is produced by performing
a non-Abelian T-duality transformation on the known
AdS6 solution of [9]. Given a non-linear sigma-model
(NLSM) with a target space-time geometry admitting
an Abelian isometry, a well-defined prescription exists
for gauging the isometry, integrating out the gauge field
and producing the so-called T-dual sigma-model [12, 13].
Then, from the T-dual sigma-model it is possible to infer
how the geometry changes under this T-duality transfor-
mation. The beauty of the gauging approach is that it
is immediately generalisable beyond the Abelian case to
both non-Abelian isometries, early accounts of which ap-
pear in [14–17], and more recently, fermionic isometries
[18, 19] (see [20] for a recent review).
Non-Abelian T-duality has only recently been up-
graded to a symmetry of type II supergravity [21, 22],
so new supergravity solutions can be generated from old
ones. In contrast to Abelian T-duality, non-Abelian T-
duality may not be regarded as a symmetry of string the-
ory, and it has notable quirks. For instance, it is not clear
how to constrain holonomies of gauge fields and show
that the original and T-dual models have the same path
integrals. However, a user-friendly description of the
SU(2) transformation [23] allows one to plug in a space-
time with an SO(4) isometry and generate a T-dual so-
lution. In the process the chirality of the theory flips, i.e.
from type-IIA to type-IIB and vice versa [21, 22]. Ref.
[23] also shows that we can understand non-Abelian T-
duality in terms of inert lower-dimensional theories that
are invariant under the duality, just as in the Abelian
case [24].
As described, the main object of this note is to draw
attention to another supersymmetric solution that can
be constructed from the literature. While it is expected
that Abelian T-duality on the AdS6×S
4 solution of mas-
sive IIA produces a supersymmetric solution of type IIB
with SU(2)×U(1) isometry, here we show that, following
[23], by performing an SU(2) non-Abelian T-duality the
resulting background is a new supersymmetric solution
to type IIB with just SU(2) isometry. This observation
has profound potential implications for the existence of
new fixed point theories in 5d with a gravitational dual.
Moreover, our solution is novel in a further regard; it is
the first example of a non-Abelian T-dual geometry with
supersymmetry fully preserved.
2D4-D8 NEAR-HORIZON
The only known supersymmetric AdS6×S
4 solution of
massive IIA supergravity [25] arises as the near-horizon
of D4-D8 [9].
The string frame solution is
ds2 =
1
4
W 2L2
[
9ds2(AdS6) + 4ds
2(S4)
]
,
F4 = 5L
4(m cos θ)1/3 sin3 θdθ ∧ vol(S3) ,
eΦ =
2
3L(m cos θ)5/6
, (1)
wherem is the Romans’ mass, L denotes the AdS6 radius,
W , the warp factor, is a function of θ,W = (m cos θ)−1/6,
and the metric on S4 takes the form
ds2(S4) = dθ2 + sin2 θds2(S3) . (2)
While S4 would have SO(5) isometry, the θ-dependent
warping means that this is broken to SO(4) ∼ SU(2)G×
SU(2)R, where one SU(2)G is a global symmetry and the
other an R-symmetry. In addition, as the range for θ is
0 6 θ 6 π/2, instead of a whole S4, we only have half,
and at one end-point of this range, θ = π/2, the warp
factor W blows up leading to a curvature singularity. In
addition the string coupling eΦ blows up.
NON-ABELIAN T-DUALITY
The non-Abelian dual of a general class of type-II su-
pergravity solutions with isometry SO(4) ∼ SU(2) ×
SU(2), with respect to any of these SU(2) subgroups,
was given in [23]. Moreover, it was demonstrated that
the original solution on S3, and the T-dual solution on
the dual space M1 × S
2 (see below), may be reduced
consistently to give the same theory in seven-dimensions
[23], thus offering another perspective on the fact that
non-Abelian T-duality is a symmetry of the equations of
motion.
Recall from [23] that given a massive type-IIA solution
of the form
ds2IIA = ds
2(M7) + e
2Ads2(S3) ,
F0 = m ,
F2 = G2 , (3)
F4 = G1 ∧ vol(S
3) +G4 ,
wherem is the mass, A is a scalar warp factor and the B-
field, dilaton, Φ, and the n-form fluxes, Gn, just depend
on the seven-dimensional space-time, the NS sector of the
type-IIB supergravity SU(2) T-dual is given by
dsˆ2IIB = ds
2(M7) + e
−2Adr2 +
r2e2A
r2 + e4A
ds2(S2) ,
Bˆ = B +
r3
r2 + e4A
vol(S2) , (4)
e−2Φˆ = e−2Φe2A(r2 + e4A) ,
where we have introduced hats to differentiate T-dual
fields from those of the original solution. Observe that
in the process of doing the SU(2) transformation, one
of the SU(2) isometries is selected out and gets broken,
leaving a manifest residual SU(2) isometry in the form of
the remaining two-sphere. In turn, (4) is a solution of the
type-IIB equations of motion for any positive value of r.
In order to fully clarify the nature of the space spanned by
this variable we should resort to the sigma-model deriva-
tion of T-duality. However it is not clear how to extract
global topological properties in the non-Abelian case [26].
The complementing general expressions for the RR fluxes
post T-duality may be found in [23], and owing to their
length, we omit them.
Although the equations of motion are guaranteed to be
satisfied, more pertinent to our current discussion is the
issue of preserved supersymmetry. From [23] we know
that under an SU(2) transformation from type IIB su-
pergravity to massive IIA the Killing spinor equations
may be mapped up to the gravitino variation in the r-
direction. Interestingly, this single expression encapsu-
lates all the information about the projection conditions
on the Killing spinors of supersymmetry preserving T-
duals. It is certainly expected that for transformations
from massive IIA to type-IIB the supersymmetry con-
ditions also simply boil down to one condition. Indeed,
some work reveals this is the case and through the usual
rotation of the type-IIB Killing spinor
η = eX η˜ = exp
(
−
1
2
tan−1
(
e2A
r
)
Γα1α2σ3
)
η˜ , (5)
where αi, i = 1, 2 denote coordinates on the residual
S2, one can demonstrate that if the original geometry is
supersymmetric, then the T-dual geometry is also super-
symmetric provided
δψr = e
X
[
1
2
/∂AΓr −
e−A
4
Γα1α2σ3 +
eφ
8
(
miσ2
+ e−3A /G1Γ
rα1α2σ1 + /G2σ
1 − /G3Γ
rα1α2iσ2
)]
η˜
= 0 , (6)
where we have defined G3 = ∗7G4. Note that η is further
decomposed in terms of real Majorana-Weyl spinors
η =
(
ǫ+
ǫ
−
)
. (7)
T-DUAL AdS6
Before performing an SU(2) transformation on (1), we
comment on the U(1) T-duality in the same context. A
3natural U(1) direction can be found by rewriting the met-
ric on S3 in terms of a Hopf-fibre over S2
ds2 =
1
4
[
dφ21 + sin
2 φ1dφ
2
2 + (dφ3 + cosφ1dφ2)
2
]
. (8)
Here φ3 labels the Hopf-fibre direction, T-duality on
which has previously been discussed in the literature in
[27], without commenting on the preserved supersymme-
try. Indeed, the Killing spinors for the original AdS6×S
4
solution with this parameterisation of the S3 take the
form
η = (cos θ)−1/12e−
θ
2
γΓθσ1e−
φ1
2
Γφ3φ2 e−
φ2
2
Γφ2φ1 η˜ , (9)
where γ = Γθφ1φ2φ3 and η˜ denotes the Killing spinor on
AdS6. The Killing spinor is subject to a single projection
condition [
sin θΓθσ1 + cos θΓθφ1φ2φ3
]
η = −η , (10)
so we have sixteen supersymmetries, the minimum re-
quired for a supersymmetric AdS6 geometry. Further-
more, as is evident from the explicit form of the Killing
spinor, it is independent of φ3, so that when one performs
the Abelian T-duality one expects no supersymmetry to
be broken. By explicitly working out the Killing spinor
equations for the Abelian T-dual one can also confirm
this to be the case. So supersymmetric AdS6 geometries
in type-IIB certainly exist.
The main result of this letter now follows. The U(1)
Hopf-fibre T-duality produces a supersymmetric T-dual
because we are simply picking out a U(1) direction from
the SU(2) global symmetry. Therefore, in the process
of doing the T-duality, the SU(2) R-symmetry is un-
touched. Now, we also have the freedom to do an SU(2)
T-duality using the full global symmetry. Again the ra-
tional is the same; as we do not touch the R-symmetry
we are guaranteed to produce a supersymmetric solution.
So cranking the handle, one arrives at
dsˆ2 =
1
4
W 2L2
[
9ds2(AdS6) + 4dθ
2
]
+e−2Adr2 +
r2e2A
r2 + e4A
ds2(S2) ,
Bˆ =
r3
r2 + e4A
vol(S2) ,
e−2Φˆ = e−2Φe2A(r2 + e4A) ,
Fˆ1 = −G1 −mrdr , (11)
Fˆ3 =
[
−
r3
r2 + e4A
G1 +
mr2e4A
r2 + e4A
dr
]
∧ vol(S2) ,
where we have introduced the following
eA =
WL sin θ
2
, G1 =
5
8
L4(m cos θ)1/3 sin3 θdθ . (12)
At θ = 0, just as with the Abelian T-dual, there is a
curvature singularity and eΦˆ blows up. This is in addition
to the singularity at θ = π/2 inherited from the original
solution.
We are now in a position to plug this solution back
into (6), the only independent Killing spinor equation
post T-duality, to identify the projection conditions on
the Killing spinor. In the process, one encounters a single
projection condition[
cos θΓθrα1α2σ3 − sin θΓθriσ2
]
η˜ = −η˜ , (13)
thus showing that supersymmetry is preserved. More-
over, by employing the redefinitions
ǫ˜+ = Γ
rǫ+, ǫ˜− = ǫ−, Γ
rα1α2 = −Γφ1φ2φ3 , (14)
one can recover the original projector (10).
DISCUSSION
While it can be rationalised at some level, i.e. we are
not touching the R-symmetry, this indeed is a striking
result. To appreciate this, recall that even for flat space-
time, the SU(2) T-duality transformation we have em-
ployed here breaks supersymmetry by one half [23]. So,
in the original warped supersymmetric AdS6 × S
4 solu-
tion of massive type-IIA, we have found the first example
of a non-Abelian T-duality transformation where super-
symmetry is preserved. It turns out that the example
presented in this paper is however not unique. Other
examples based on the Klebanov–Witten and Klebanov–
Strassler N = 1 backgrounds, for which supersymmetry
is also preserved under non-Abelian T-duality, have also
been constructed in [28, 29].
A pressing question concerns the AdS/CFT interpre-
tation. The identification of the dual SCFT for the
non-Abelian T-duality transformation is a long-standing
problem and the jury is certainly out on whether one
exists, and if it does, whether it is the same SCFT, or
indeed a different theory. In the process of doing the
SU(2) T-duality in the AdS6 × S
4 context, the SU(2)
global symmetry is completely broken, leaving just the
R-symmetry. For the Abelian T-duality the isometry is
also reduced, but there we are confident that the the-
ory does not change. In fact, the Cartan of the isometry
group remains the same. On the other hand, in the SU(2)
T-dual such Cartan subgroup seems different than that of
the original background suggesting that the dual theory
–if it exists– would be different. Moreover, as opposed to
the standard Abelian T-duality transformation, in this
case the size of the internal space M1 appears as an ex-
tra parameter of the solution. While the implications
of this striking new feature remain to be uncovered, this
seems to imply that the dual CFT should contain one ex-
tra charge as compared to the original one. One possible
way out would be to take the size ofM1 to infinity. How-
ever, this would lead most likely to a puzzling feature
4in the dual CFT, namely, a continuous spectrum. Al-
though further checks are certainly required to elucidate
these and other properties of the dual CFT (progress is
underway in [30]) it is clear that the dual CFT faces new
challenges whose resolution will help understanding the
role played by non-Abelian T-duality in the context of the
AdS/CFT correspondence (see also [28, 29] for the study
of the SCFTs associated to the non-Abelian duals of the
Klebanov–Witten and Klebanov–Strassler backgrounds).
Moreover, now that we have two distinct solutions in
type-IIB, it may be an opportune time to build on the
work initiated in massive IIA [11] and classify the super-
symmetric solutions in this setting also. A priori we will
have at least two branches, one with U(1) T-dual and the
other with the SU(2) T-dual.
Finally, another interesting direction for study con-
cerns the KK reduction [31] from massive IIA on S4 to
Romans’ F(4) supergravity [32]. In [23] it was shown
that there was a consistent truncation to D = 7. The
only terms of the KK reduction inconsistent with SU(2)
T-duality as described in [23] are the SU(2) gauge fields.
So, as it stands, any solution to Romans’ theory now
also uplifts to a solution to type-IIB provided the SU(2)
gauge fields are not excited. In this sense, here we are
simply discussing the supersymmetric AdS6 vacuum. We
can think of putting the gauge fields back in if we gauge
the residual SU(2) R-symmetry of the non-Abelian T-
dual. This all echoes well with the conjecture [33] that
gauging the R-symmetry always leads to a consistent re-
duction.
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